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ABSTRACT

The mechanisms o f  th e rm o re g u la to ry  c o n tro l  u sed  by th e  j a v e l in s  

(Tayassu t a j a c u ) d u rin g  June and J u ly  (summer) were in v e s t ig a te d  i n  th e  

Sonoran D e se rt a t  Tucson, A rizo n a . P h y s io lo g ic a l and b e h a v io ra l  mech­

anism s a f f e c t in g  th e rm o re g u la to ry  a b i l i t y  were an a ly zed  u s in g  energ y  

and w a te r  b a lan c e  e q u a tio n s . B ehavior i s  th e  m ost e f f e c t iv e  mechanism 

used  b y  th e  j a v e l in a  to  m a in ta in  th e rm a l e q u ilib r iu m  w ith  th e  e n v iro n ­

m ent. The c o n tro l  o f  body tem p era tu re  th rough  r e s p i r a to r y  v a p o r iz a t io n  

o f  w a te r was found to  be e s p e c ia l l y  uneconom ical u n le s s  an a p p ro p r ia te  

m icro en v iro n m en ta l s i t u a t i o n  had been s e le c te d  b e h a v io r a l ly .  J a v e lin a  

were found to  r e q u ir e  w a te r  i n  th e  form  o f  s u r fa c e  w a te r o r  s u c c u le n t 

v e g e ta t io n  to  m a in ta in  w a te r  b a la n c e .
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INTRODUCTION

The m onogeneric fa m ily  T ay assu id ae , Order A r t io d a c ty la ,  i s  r e p r e ­

sen ted  in  th e  U nited  S ta te s  by th e  ja v e l in a  Tayassu ta ja c u  (L in n aeu s), 

one o f th e  two e x ta n t  s p e c ie s .  The ja v e l in a ,  o r c o lla re d  p ecca ry , i s  

found in  sou thw est T exas, so u th e rn  New Mexico, so u th e rn  A rizona , and i s  

d i s t r ib u te d  more or l e s s  co n tin u o u s ly  th rough  M exico, C e n tra l A m erica, 

and South America i n to  Peru and A rg en tin a  (W alker 196U). In  th e  t r o p i c a l  

p o r t io n  o f  th e  ja v e lin a s *  range i t  i s  sym patric  w ith  th e  o th e r  sp e c ie s  o f  

th e  genus, th e  w h ite  l ip p e d  p e cc a ry  Tayassu p e c a r i  G. KLscher.

J a v e lin a  a re  found in  sm all h e rd s  av erag in g  8 in d iv id u a ls  

(Knipe 1956). A du lts  may o b ta in  a w eigh t o f  30 kg . Females a re  p o ly -  

e s t f u s ,  g iv in g  b i r t h  to  from  one to  th r e e  young, u s u a l ly  tw ice  a y e a r  

(Knipe 1956). Young may be observed  any month o f  th e  y ea r w ith  a 

d e f in i t e  peak o f  re p ro d u c tio n  o c c u rr in g  i n  J u ly  and August (Sowls 

1965).

The la r g e  d i s t r i b u t i o n  o f th e  ja v e l in a  i n  th e  Americas in d ic a te s  

a l l - y e a r  to le ra n c e  to  a wide range o f  env ironm en ta l c o n d it io n s . Of 

i n t e r e s t  a re  th e  a d ap tiv e  problem s o f  a s u b tro p ic a l  anim al to  an 

e x is te n c e  in  th e  a r id  Sonoran D e se r t .  The ja v e l in a  i s  a b se n t from  

th e  most a r id  p o r t io n  o f  th e  Sonoran D e se r t, i . e , ,  th e  w este rn  p a r t  o f  

th e  Lower Colorado V a lley  d iv is io n  o f  Shreve i n  Shreve and W iggins 

(196U), where th e  annual p r e c ip i t a t i o n  o f te n  f a l l s  below 3 in c h e s j  

ja v e l in a  range maps a re  fu rn is h e d  by Cockrum ( i 960) and Knipe (1956).
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I n  th e  o th e r  b e t t e r  w a te red  d iv is io n  o f  th e  Sonoran D e se rt i n  A rizona 

th e  s p e c ie s  i s  r e p re s e n te d  by  w e ll s u s ta in in g  p o p u la t io n s .

T h is  in v e s t ig a t io n  was i n i t i a t e d  to  d e term ine  w hat mechanisms 

a re  u sed  by th e  j a v e l in a  to  m a in ta in  th e rm al e q u il ib r iu m  w ith  th e  

env ironm ent d u rin g  th e  h o t  d ry  p e r io d  p reced in g  th e  summer r a in s  i n  th e  

Sonoran D e se r t .  Energy and  w a te r  b a lan ce  were in v e s t ig a te d  i n  te rm s o f  

s u rv iv a l  l i m i t s  o f  th e  in te rd e p e n d e n t v a r ia b le s  body tem p era tu re  and 

w ater l o s s .  The s tu d y  was conducted  a t  th e  U n iv e r s i ty  o f  A rizona farm  

i n  an e n c lo su re  m o d ified  to  s im u la te  a c tu a l  en v iro n m en ta l c o n d itio n s  

(Lowe and Hinds 1971).

R esearch  on th e  ja v e l in a  h as  been  conducted  by  members o f  th e  

U.A. C ooperative  W ild life  R esearch  U n it (Sowls 1966, Schw einsburg 1969, 

B ig le r  196b, Eddy 1 9 5 9 ), and th e  A rizona Game and F ish  D epartm ent (se e  

Knipe 1 9 5 6 ). These s tu d ie s  have p ro v id ed  an u n d e rs ta n d in g  o f  an  an im al 

which does n o t  e n jo y  a wide d i s t r i b u t i o n  w ith in  th e  U n ite d  S ta te s  and 

h as been  v i r t u a l l y  ig n o re d  o u t o f  i t s  U. S. ra n g e .

The p h y s io lo g y  o f  h e a t  and w a te r  b a lan ce  i n  d e s e r t  mammals o f  

in te rm e d ia te  and la r g e  s iz e  h as been  w e ll  r e p o r te d  b y  S ch m id t-N ie lsen  

(1 9 6 b ), M acFarlane (196b), H a rt (1 9 6 b ), T ay lo r (1969) and o th e r s .  T re a t­

ment o f  th e  p h y s ic a l  system  o p e ra tin g  i n  th e  d e s e r t  h as been  d e t a i l e d  by 

S e l le r s  (1 9 6 5 ), Hardy (1968), P o r te r  and G ates (1 9 6 9 ), and G ates (1 9 6 2 ).



METHODS AND MATERIALS

D e sc r ip tio n  o f  th e  S tudy S i te

The en v iro n m en ta l, b e h a v io ra l ,  and p h y s io lo g ic a l  d a ta  p re se n te d  

h e re  were c o l le c te d  a t  th e  U n iv e rs i ty  o f  A rizona farm  on N orth  Campbell 

Avenue in  Tucson, u s in g  ou tdoor an im al pen f a c i l i t i e s  o f  th e  C ooperative 

W ild life  R esearch  U n it and th e  A rizona Game and F ish  D epartm ent. The 

ja v e l in a  pen used  in  th e  in v e s t ig a t io n  (P ig s . 1 and 2) was ap p ro x i­

m a te ly  x  8 m eters  w ith  th e  lo n g  a x is  o r ie n te d  n o r th  and so u th , the  

to p  was 2 m eters  above ground l e v e l . The pen was c o n s tru c te d  o f  ch a in  

l i n k  fen ce  w ith  a s in g le  e n tra n ce  on th e  so u th  end . P a r t i t io n in g  o f  

th e  pen was accom plished th ro u g h  c o n s tru c tio n  o f  a s e r i e s  o f  w ire  

covered frame b a r r ic a d e s  c a . 1 .2  m ete rs  i n  h e ig h t .  The b a r r ic a d e s  

were designed  to  g ive  th e  in v e s t ig a to r  a s a fe  a re a  i n  which to  work, 

to  deny w a te r to  th e  j a v e l in a ,  and to  fo rc e  th e  an im als i n to  th e  

p re s c r ib e d  m icroenv ironm enta l s i t u a t i o n .

The n o r th e rn  h a l f  o f  th e  pen was th ic k ly  th a tc h e d  w ith  palm 

fro n d s  to  p ro v id e  a w e ll shaded a re a  f o r  in v e s t ig a t io n .  T h is  shade a t  

noon ty p i c a l l y  accoun ted  f o r  a £8 p e rc e n t  re d u c tio n  in  s o la r  r a d ia t io n ,  

and a 33 p e rc e n t re d u c tio n  in  s o i l  su rfa c e  te m p e ra tu re . Two a d u l t  

j a v e l in a ,  p a r t  o f  a c a p tiv e  h e rd  m ain ta in ed  fo r  re s e a rc h  p u rp o se s , a 

25.7 kg fem ale and a 29.5  kg m ale, 3 and h y e a rs  o ld  r e s p e c t iv e ly ,  were 

the  p rim ary  ex p e rim en ta l an im a ls . J a v e lin a  in  a d ja c e n t  pens were u sed  

f o r  com parative b e h a v io ra l  d a ta .  Data were c o l le c te d  d u rin g  th e  months

3



F ig , 1 , Holding pen and in s tru m e n ta tio n .

Working a rea  showing w eighing c r a te ,  
s c a le ,  w ire  b a r r ic a d e s ,  and body 
tem p era tu re  re c o rd e r .



o f June and J u ly  1970, d u rin g  th e  h o t  d ry  season  p re c ed in g  th e  summer 

r a in s  t h a t  began in  l a t e  J u ly .

Data C o lle c tio n  and R eduction

Data from  th re e  p e r io d s  a re  p re se n te d  h e re — June 29-30, J u ly  7 , 

and J u ly  10-13• Each o f  th e se  p e r io d s  re p re s e n ts  a s e t  o f  c o n d itio n s  

designed  to  observe  and re c o rd  th e  re sp o n ses  o f  a d u l t  ja v e l in a  to  a 

d e f in i t e  s e t  o f  env ironm enta l c o n d itio n s .

The 2ii hour p e r io d  from m id n ig h t June 29 to  m idn igh t June 30 

■was used as a c o n tro l  p e r io d . The ja v e l in a  •were g iv en  freedom  o f  move­

ment i n  th e  pen , adequate  w a ter (no food  was o f f e re d  d u rin g  any t r i a l  

p e r io d ) ,  and were observed in  the  same manner used in  l a t e r  s t r e s s  

p e r io d s .  The wind v e lo c i ty  d u rin g  th e  2It hour c o n tro l  p e rio d  v a r ie d  

from 0 to  u o  kph (h o u rly  re a d in g s  a t  2 m e te rs ) , r e l a t i v e  h u m id ity  

v a r ie d  from 18 p e rc e n t  a t  1600 on June 29 to  U6 p e rc e n t  a t  0^00 on 

June 30, and cloud  coverage v a r ie d  from 0 p e rc e n t  a t  1000 June 29 to  

30 p e rc e n t  a t  1700 on June 29.

A hour p e r io d  on J u ly  7 from  0700 to  12 noon was used to  

e v a lu a te  th e  j a v e l i n a s 1 response  to  an  unshaded (=open) s i t u a t i o n .

The an im als were p la c e d  i n  th e  sun (^unshaded) w ith  no w a te r , and. no 

means o f  e scap in g  th e  r a d ia t io n  lo a d  o f  the  env ironm en t. Wind v e lo c ­

i t i e s  v a r ie d  from 0 to  3 kph (h o u r ly  re a d in g s  a t  2 m e te rs ) . R e la tiv e  

h u m id ity  v a r ie d  from  3S p e rc e n t a t  0700 to  21 p e rc e n t  a t  noon. Cloud 

cover v a r ie d  from 5 p e rc e n t  a t  0700 to  0 p e rc e n t  a t  noon.

A 3 day p e r io d  b eg in n in g  J u ly  10 a t  0600 and c o n tin u in g  th ro u g h  

J u ly  13 a t  0630 was used  to  e v a lu a te  the  to le ra n c e  to  p ro lo n g ed  d e s ic c a  

t io n ,  and th e  p ro g re s s iv e  e f f e c t  o f  d e s ic c a t io n  on th e rm o re g u la to ry



5

a b i l i t y .  'While •wind v e lo c i ty  was g e n e r a l ly  w ith in  th e  range o f  0 -5  kph, 

th e  3 day p e r io d  was accom panied by g u s ty  w inds i n  th e  l a t e  a f te rn o o n s , 

re a ch in g  35 kph on J u ly  12 a t  1700. These winds a re  th e  p re c u rs o r s  o f  

th u n d e rs to rm s ty p ic a l  o f th e  summer r a in s  in  th e  Sonoran D e se r t .  No 

p r e c i p i t a t i o n  was re c o rd ed  a t  th e  s tu d y  s i t e  d u rin g  th e  in v e s t ig a t io n .  

R e la t iv e  h u m id ity  v a r ie d  from  l i t  p e rc e n t  a t  lUOO on J u ly  10 to  53 p e r ­

c e n t a t  0U00 on J u ly  11. Cloud coverage ty p i c a l ly  v a r ie d  from  0 -5  

p e rc e n t  th ro u g h o u t th e  m orning (0800- 1200) to  30-U0 p e rc e n t i n  th e  l a t e  

a f te rn o o n s  (1500-1900) .

The th re e  p e r io d s  d e sc r ib e d  above were s e le c te d  from  numerous 

o th e r  p e r io d s  o f  o b s e rv a tio n  d u rin g  th e  s tu d y , on th e  b a s i s  t h a t  th e y  

b e s t  ty p i f i e d  b o th  th e  en v iro n m en ta l c o n d itio n s  o f  th e  Sonoran D e se rt 

i n  summer, and th e  re sp o n se s  o f  j a v e l in a  to  th e s e  c o n d i t io n s .

On June 7 , 1970 a body tem p e ra tu re  te le m e try  u n i t  (S enso ry  

Systems L ab o ra to ry ) was i n s e r t e d  n e x t to  th e  p e r i to n e a l  c a v i ty  o f  th e  

male j a v e l in a ,  fo r  pu rp o ses  o f  m o n ito rin g  deep body te m p e ra tu re . The 

u n i t  was c a l i b r a t e d  b e fo re  and a f t e r  th e  in v e s t ig a t io n ,  w ith  no c o r re c ­

t io n  n e c e s sa ry . The te le m e try  d e v ic e , checked a g a in s t  r e c t a l  

te m p e ra tu res  ta k e n  e i t h e r  w ith  a YSI th e rm is te r  o r a S c h u lth e is s  

r a p id - a d ju s t in g  therm om eter, was found to  average  0 .15°C  h ig h e r .

The te le m e try  s ig n a l  was reco rd ed  w ith  a c i t i z e n s  band r e c e iv e r  and 

w ith  a u n it-m a tch ed  re c o rd e r  b y  S ensory  Systems L a b o ra to ry  ( l i g .  2 ) .

A ll-w ave r a d ia t io n  m easurem ents were made w ith  a Beckman- 

W h itley  t o t a l  h e m isp h e ric a l rad io m e te r (G ier-D unkle 1951) and m o n ito red  

w ith  a Leeds and N orth rup  m i l l i v o l t  p o te n tio m e te r . N et r a d ia t io n  was 

c a lc u la te d  from  norm al and  in v e r te d  in s tru m e n t m easurem ents. S t o l l -  

Hardy and B arnes ra d io m e te rs  b o th  equ ipped  w ith  germanium f i l t e r s  were



F ig . 2 . R eco rder and c i t i z e n s  band tr a n s c e iv e r  u sed  to  m onitor 
deep  body te m p e ra tu re .
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used to  o b ta in  s u r fa c e  te m p e ra tu re s . S o la r  beam d a ta  were o b ta in e d  from 

th e  I n s t i t u t e  o f  A tm ospheric P h y s ic s  lo c a te d  on th e  U n iv e r s i ty  o f  

A rizona campus, and were m easured w ith  an E ppley  p y rh e lio m e te r .

A ir tem p e ra tu re s  were m easured u s in g  fo il-sh a d e d , th e rm is to r  

p robes (YSI model n o . UOl) secu red  to  a m ast a t  f iv e  l e v e l s  (0.2f>, 0 .5 ,  

1 .0 ,  2 .0 ,  3 .0  m e te r s ) .  Shaded therm om eters were used, to  m easure 

tem p era tu re  a t  fo u r  l e v e l s  i n  th e  s o i l  (1 . 5 , 2 .5 ,  5 *0 , 10 .0  c e n t im e te r s ) .  

R e la t iv e  h u m id ity  was m easured u s in g  a Bendix b a t t e r y  psychrom eter 

0 .2 5  m ete rs  above th e  ground s u r f a c e .  Wind v e lo c i ty  was m easured u s in g  

a hand h e ld  anenom eter (S c ien ces  A sso c ia te s  c a t .  no . W ih). A ll  m easure­

m ents were made h o u r ly  when p o s s ib le .

R e s p ira t io n  co u n ts  were made w ith  th e  a id  o f  a s topw atch  f o r  a 

f u l l  m inute p e r io d . B eh av io ra l d a ta  were t r a n s c r ib e d  whenever body 

tem p e ra tu re  was re c o rd e d , and a t  any o th e r  tim e deemed n e c e s sa ry .

W ater b a lan c e  d a ta  were o b ta in e d  by  w eighing  th e  an im al, b e fo re  

and a f t e r  a t r i a l  p e r io d ,  i n  a h an d lin g  c r a te  on a p o r ta b le  Howe p l a t ­

form  s c a le  (U .S. Army m o d e l). W eights o b ta in e d  by  s u b tr a c t in g  th e  

w eigh t o f  the  h an d lin g  c r a te  d id  n o t  v a ry  more th a n  % l b  (0.11  kg) o r 

O.U p e rc e n t  o f  body w e ig h t, from  w eig h ts  o b ta in e d  by  w eighing  a drugged 

anim al d i r e c t l y  on th e  same s c a le .  The a b i l i t y  o f  th e  e x p e rim en ta l 

ja v e l in a s  to  r e tu r n  to  w a ter b a lan c e  was m easured by p re s e n t in g  a known 

amount o f  w a te r to  the  an im al and re c o rd in g  th e  q u a n t i ty  tak en  over a 

known p e r io d  o f  tim e .

Data re d u c tio n  was a id e d  by th e  CDC 6U00 com puter. Computer 

C en ter, U n iv e r s i ty  o f  A rizo n a .



RESULTS AND DISCUSSION

B eh av io ra l A dap tive  Mechanisms

B ehavior d u rin g  th e  h o t p e r io d  o f  th e  midsummer c le a r  day 

p re d ic a te s  avo idance  o f  th e  s o la r  beam f o r  s u rv iv a l .  The ja v e l in a  can 

t o l e r a t e  a f u l l  en v iro n m en ta l r a d ia t io n  lo a d  f o r  o n ly  1-2  hou rs  d u rin g  

th e  h o t t e s t  tim e  o f  day. C o n s is te n t use o f  daytim e shade i s  th e  s in g le  

most im p o rtan t b e h a v io ra l  a d a p tiv e  mechanism d isp la y e d  by th e  j a v e l in a .

The r e s p i r a t i o n  r a t e  o f  a s t r e s s e d  anim al in c re a s e s  from  2f> p e r  

m inute i n  th e  e a r ly  morning ( 0600) to  60-80  p e r  m inute by  m id-m orning 

(1000) to  a maximum lLO-160 a t  m id -a fte rn o o n  (15>00) .  Open mouth 

p a n tin g  had  u s u a l ly  commenced by 1100 h o u rs  d u rin g  a s t r e s s  p e r io d ,  

and r a r e l y  o ccu rred  i n  an u n s tr e s s e d  an im al. J a v e lin a  i n  th e  p en s , 

when a b le ,  sp la sh e d  d r in k in g  w a te r on t h e i r  b o d ie s  th e re b y  c re a t in g  

a r t i f i c i a l  e v a p o ra tiv e  c o o lin g 3 w hether t h i s  i s  done under f i e l d  

c o n d itio n s  i s  d o u b tfu l .

J a v e lin a  i n  th e  pens became v e ry  i r r i t a b l e  and unm anageable 

when d ep riv e d  o f  w a te r i n  s t r e s s  s i t u a t i o n s ,  and i t  was d i f f i c u l t  to  

o b ta in  w a te r  consum ption m easurem ents a t  th e  end  o f  a t r i a l  p e r io d . 

M easurements in d ic a te  t h a t  th e  a d u l t  ja v e l in a  co u ld  re c la im  no more 

th a n  1 kg o f  body w a te r i n  th e  f i r s t  h o u r, and r e q u ir e d  2-U ho u rs  to  

r e tu r n  to  w a te r b a la n c e .

The th re e  day e x p e rim en ta l s t r e s s  p e r io d  (T ab le  l ) ,  i n  w hich 

th e  ja v e l in a  was d e n ied  w a te r ,  r e s u l t e d  i n  d e a th 3 th e  an im al showed 

p ro g re s s iv e  lo s s  o f  th e rm o re g u la to ry  a b i l i t y .  A lthough d e a th  o c c u rre d ,

.9



Table 1

S o i l  s u r fa c e  and am bien t a i r  (0 .2 5  m), te m p e ra tu re  i n  th e  sun and i n  
th e  shade w ith  j a v e l in a  deep body tem p era tu re  f o r  J u ly  1 0 -1 3 , 1970.

D ate

i
f S o i l  S u rface  

Tem perature 
i n  Sun
( °  c . )

S o i l  S u rface  
Tem perature 

i n  Shade
(°  c . )

Ambient A ir 
Tem perature 

i n  Sun
( °  c . )

Ambient A ir 
Tem perature 

i n  Shade
( °  c . )

J a v e lin a  Body 
Tem perature

( °  c . )

10 J u ly 0600 2 2 .5 2k. 2 27 .1 27 .1 38 .29
0800 2 9 .2 2 7 .1 28 .0 28 .1 38 .52
1200 5 8 .0 3 8 .5 kk .6 39 .0 38.03
1600 5 6 .7 3 k .5 k k . l 3 9 .8 38.31
2000 2 9 .8 2 6 .9 33.2 32.2 3 8 .k8
2U00 2 k .3 2 5 .5 29.2 3 1 .1 38.27

11 J u ly 0U00 2k . 3 2k. 3 23.3 2 3 .9 38 .03
0800 2 9 .0 2 7 .5 30.2 29.7 37 .7 k
1200 6 2 .0 3 7 .k k 3 .0 39 .9 30.06
1600 5 7 .1 3 2 .3 k2.3 38.1 38.27
2000 30 . k 2 8 .0 3k. 2 32.1 38.75
2U00 2 8 .0 2 5 .3 2 7 .k 27 .2 38.65

12 J u ly oUoo 2 6 .9 2k. 7 23 .5 23 .8 38 .21
0800 3 8 .9 3 2 .6 28.3 26 .2 37 .50
1200 6 k .6 k 0 .2 k 2 .9 3 7 .8 37.96
1600 5 7 .5 39.8 k k .k 39 .3 39 .80
2000 30.6 33 .1 36 .3 3 k .5 39 .35
2U00 2 8 .6 3 0 .1 29.2 2 9 .3 39 .30

13 J u ly oUoo 2 3 .1 23 .2 22.3 23.0 39 .13
0800 39 .6 3 3 .2 27.8 25 .3 38 .6k
1200 5 8 .3 3 9 .8 k2 .6 3 9 .6 ———
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SOIL SURFACE TEMPERATURE IN SHADE AMBIENT AIR TEMPERATURE IN SHADE

M. S. T IM E  (HR . x 100)
F ig . 3* E n v iro n n en ta l te m p e ra tu re s  and deep body te m p e ra tu re  f o r  

J u ly  1 0 -1 3 , 1970. Data i n  Table 1 .

S o i l  s u r fa c e  te m p e ra tu re s  and am bient a i r  te m p e ra tu re s  (0 .2 3  m) 
i n  th e  sun and shade w ith  body tem p e ra tu re  and a c t i v i t y  p a t t e r n .



12

body te m p e ra tu re  n e v e r o b ta in e d  th e  l e v e l  re a ch e d  i n  th e  unshaded s t r e s s  

s i t u a t io n  (F ig . 1 ) .  At d e a th  th e  j a v e l in a  d is p la y e d  s ig n s  o f  s a l t  

p o iso n in g  (E o h s te d t and Grunmier 19f?U) presum ably  caused  by c o n c e n tra ­

t io n  o f  s a l t  th rough  d e h y d ra tio n  r a th e r  th a n  a h ig h  s a l t  c o n te n t d i e t .

On au to p sy  no g ro ss  p a th o lo g ic a l  c o n d itio n s  were o b served  which cou ld  

n o t  have been  due to  sev e re  d e h y d ra tio n  (K a lv z n iac k i, p e r s .  comm.).

D uring n ig h t  a c t i v i t y  th e  ja v e l in a  i n  th e  open i s  a b le  to  r a i s e  

m e tab o lic  h e a t  p ro d u c tio n  by 23,000  c a lo r ie s  p e r  h o u r, and  s t i l l  

m a in ta in  en erg y  b a la n c e . T h is  acco u n ts  f o r  th e  n o c tu rn a l  a c t i v i t y  

p a t t e r n ,  s in c e  th e re  i s  l i t t l e  c o s t  to  th e  an im al i n  te rm s o f  w a te r l o s s  

f o r  th e  in c re a s e d  a c t i v i t y .

Energy Balance

The g e n e ra l eco lo g y  o f  th e  ja v e l in a  has  re c e iv e d  c o n s id e ra b ly  

more a t t e n t io n  th a n  p h y s io lo g ic a l  and b e h a v io ra l  a d a p tio n  to  th e  d e s e r t .  

B eh av io ra l a d a p tio n  to  h o t d ry  summer c o n d itio n s  was observed  by  

Schw einsburg (1969) and by B ig le r  (196U) w h ile  in v e s t ig a t in g  s o c ia l  and 

t e r r i t o r i a l  b e h a v io r , and s e a s o n a l a c t i v i t y  o f  th e  j a v e l in a .

P h y s io lo g ic  mechanisms fo r  c o n tro l  o f  body te m p e ra tu re  were 

s im i la r  to  th o se  u sed  by  th e  dog (S ch m id t-N ie lsen  1 9 6 b ). P an tin g  i s  a 

p rim ary  p h y s io lo g ic  mechanism o f  body tem p era tu re  r e g u la t io n  i n  b o th  

th e  ja v e l in a  and th e  dog. P an tin g  i s  e f f i c i e n t  a t  h ig h  am bient 

tem p e ra tu re s  and low r e l a t i v e  h u m id it ie s ,  and  i s  w e ll  s u i t e d  to  s u r v iv a l  

under d e s e r t  c o n d it io n s . There was no in d ic a t io n  o f  s e n s ib le  w a te r  l o s s  

th ro u g h  th e  s k in  by  th e  j a v e l in a .
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Throughout th e  in v e s t ig a t io n  th e  ja v e l in a  showed th e  a b i l i t y  to  

r e g u la te  body tem p e ra tu re  w ith in  w e ll d e f in e d  l i m i t s .  Body tem p era tu re  

d u rin g  th e  c o n tro l  p e r io d  ranged  from 37 .91  to  3 8 .# ° C  (T able 2 ) ,  and 

was c h a r a c t e r i s t i c a l l y  0.f>°C lo w er in  th e  e a r ly  m orning compared to  th e  

l a t e  a f te rn o o n . The body tem p e ra tu re  f lu c tu a t io n s  observed  were n o t  

s u f f i c i e n t  to  a llo w  a s i g n i f i c a n t  h e a t  s to ra g e  in  th e  body as compared 

to  th e  camel (S ch m id t-N ie lsen  196U). I n  th e  f i n a l  a n a ly s i s ,  b e h a v io r  

was th e  m ost e f f e c t iv e  method used by  th e  ja v e l in a  to  r e g u la te  body 

te m p e ra tu re .

Q u a n t i f ic a t io n  o f  th e  b e h a v io ra l  c o n tr ib u t io n  to  body tem p era tu re  

r e g u la t io n  was accom plished  th ro u g h  use  o f  energy  and w a te r b a lan ce  

e q u a tio n s . The energy  b a lan ce  e q u a tio n s  a re  m o d ified  from  th o se  o f  

P o r te r  and G ates (1969)? en erg y  term s were c a lc u la te d  to  th e  n e a r e s t  

1 K i lo c a lo r ie . Hour tim e u n i t s  were used  i n  th e  en erg y  budget d e sc r ib e d

*

M + Qabs -  T, 11 -  h c (Tr  -  Ta ) + Bex  ±  C,

Where M = m e tab o lic  h e a t  p ro d u c tio n  

Qabg = absorbed  r a d ia t io n

T ^  = r e r a d ia t io n  to  th e  environm ent 

h (T -  Tg ) = fo rc e d  co n v ec tio n

Eex = h e a t  l o s s  th rough  r e s p i r a to r y  v a p o r iz a t io n  o f  w a ter 

C = co n d u ctio n  to  s u b s t r a te .

K le ib e r  (1961) e x p re sse s  th e  b a s a l  m e ta b o lic  h e a t  p ro d u c tio n  o f  

homeotherms w ith  th e  fo llo w in g  fo rm u la :

M =

where M i s  b a s a l  m e ta b o lic  h e a t  p ro d u c tio n  i n  k i l o c a lo r i e s  p e r  day .



m

Table 2

Ambient a i r  te m p e ra tu re  (0.2f> m) i n  th e  shade and i n  th e  sun, 
w ith  ja v e l in a  deep body tem p e ra tu re  fo r  June 29 and 30, 1970.

Time
(MS)

A ir Tem perature 
i n  Sun (0.2f? m)

(°  c . )

A ir Tem perature 
i n  Shade (0 .2 9  m) 

(°  c . )

J a v e lin a  Body 
Tem perature (To)

(°  0 . )

1300 l a . 7 3 6 .0 37 .91
1600 1*2.3 36 .2 38.15
1800 3U.6 35-8 38 . 51*
2000 2 9 .0 28 .6 38 .55
2U00 27 . U 27 .5 38 . 31*OltOO 2 2 .3 22 .1 38.03
0800 27 .8 26.7 38 .20
1200 1*0.0 35 .1 38.19
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M. S. TIME (HR. x IOO)

F ig . Ij. E nv ironm ental te m p e ra tu re s  and deep body te m p e ra tu re  f o r  
June 29 and 30, 1970. Data i n  Table 2 .

J a v e lin a  body te m p e ra tu re s  and am bient a i r  te m p e ra tu re s  
(0 .2 5  m) i n  th e  shade and open, "with a c t i v i t y  p a t t e r n .
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and W i s  ■weight i n  k ilo g ra m s . A b a s a l  m e ta b o lic  r a t e  o f  37,000

c a lo r ie s  p e r  hour was u sed  (A ppendix). K le ib e r 's  (1961) form ula f o r

computing s u rfa c e  a re a  (A ppendix) was a ls o  u se d .

P o r te r  and G ates (1969) d e f in e  absorbed  r a d ia t io n  w ith  th e

fo llo w in g  e q u a tio n :
( a ) (2 /M (S )  + a s  + a r(S  + s )  + Ra + R 

^abs " 2

Where a = a b s o r p t iv i ty ,  S = d i r e c t  s u n l ig h t ,  s  = r e f l e c t e d

s u n l ig h t ,  r  = r e f l e c t i v i t y  o f  s o i l ,  Ra = th e rm a l r a d i a t i o n  

from  sky , Rg = th e rm a l r a d ia t io n  from ground.

Four en v iro n m en ta l s i t u a t io n s  were c o n s id e re d ; 1200-1300 

unshaded, 1200-1300 shaded , 21:00-0100 unshaded, 21:00-0100 shaded .

For p u rposes o f  c a lc u la t io n  a = 0 .7 0  (P o r te r  and G ates 1969) was 

assumed to  be a re a so n a b le  a b s o r p t iv i ty  d u rin g  th e  day , w h ile  a t  

n ig h t  a = 1 .0  was u sed  s in c e  r a d ia t io n  i s  lo n g  wave r a d ia t io n  w ith  

v e ry  low r e f l e c t i v i t y .  S o la r  beam (= S) was o b ta in e d  from  The 

I n s t i t u t e  o f  A tm ospheric P h y sics  (T able 3) ,  and r  was assumed to  be 

O.30  ( S e l l e r s  1962)* R e f le c te d  s o la r  r a d i a t i o n  and th e rm a l sky  

r a d ia t io n  were m easured by shad ing  from  a d is ta n c e  th e  u p r ig h t  G ie r-  

Dunkle p l a t e ,  th e re b y  e l im in a t in g  th e  d i r e c t  s o la r  beam r a d ia t io n ;  s 

was th e n  ta k e n  to  be 6 p e rc e n t  o f  th e  above m easurem ent (G ates 1962) 

and th e rm a l sky  r a d ia t io n  was assumed to  be th e  b a la n c e . Thermal 

ground r a d ia t io n  was c a lc u la te d  from  th e  a p p ro p r ia te  ground te m p e ra tu re  

(T able h ) ,  assum ing th e  g round  to  a c t  as  a 90% e m it te r  ( S e l l e r s  196 2 ).

C a lc u la tio n s  o f  t o t a l  ab so rbed  r a d ia t io n  (A ppendix) were made 

assum ing th e  an im al to  be a c y lin d e r  o f  s u rfa c e  a re a  9,600  square



Time
(MS)

1300
m oo
1500
1600
1700
1800
1900
2000
2100
2200
2300
2U00
0100
0200
0300
OI4OO
0500
0600
0700
0800
0900
1000
1100
1200
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T able  3

N et a ll-w av e  r a d ia t io n  i n  th e  sun and i n  th e  shade w ith  
in c id e n t  s o la r  beam and ja v e l in a  body tem p era tu re  f o r  
June 29 and. 30 , 1970 .

N et R a d ia tio n  N et R a d ia tio n  In c id e n t  J a v e lin a  Body
in  Sun i n  Shade S o la r  Beam Tem perature (Tb )

( l y  min**1 ) ( l y  min- 1 ) ( l y  m in-1) (°C .)

+0.077U 1 .3 9 37.91
+0.7386 1 .2 9 38.07

+0.0779 1 .18 38.17
+0.6362 1 .01 38 .15

+O.OU75 0 .67 38 .33
- 0.0252 0 .3 5 38 .54

+0.0032 0.08 38.57
-0 .1 5 7 5 — — 38 .55

- 0 .016U 38 . Uo
-0.093U — — 38.13

- 0.0282 —— 38.1,3
-0.0837 - - 38 .34

-0 .0 3 3 0 —— 38.19
-0.0883 —— 38.29

-0 .0339 —- 38.2a
-0.0679 — — 38.03

-0 .0 7 5 3 — — 38.08
-0.0877 0 .06 38.10

+0.0159 0 .32 38.15
+0.1006 0 .6 3 38.20

+0.0675 0 .9 1 38.22
+0.60U0 1.1U 38.2a

+0.0930 1.22 38.12
+0.8115 1 .3 3 38.19
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ACTIVE IN OPEN- LYING IN SHADE-

E ' / " / / / / / /  
;LYING ^ y & z / z z LYING IN OPEN T ^ /A C T IV E  IN % 1'■ IN ^ "SHADE AND OPEN' /  SHADE A N D / /'shader
' / / / / / /Z /y , y//////////. 1

INCIDENT SOLAR BEAM

N E T
RADIATION 
IN SUN

NET
RADIATION 
IN SHADE

M. S. TIME (HR. x IOO)

F ig . E nv ironm ental r a d ia t io n  and deep body tem p e ra tu re  f o r  
June 29 and 30, 1970. Data i n  Table 3 .

N et a l l - n a v e  r a d i a t i o n  i n  th e  sun  and i n  th e  shade w ith  
in c id e n t  s o la r  beam, body te m p e ra tu re , and a c t i v i t y  
p a t t e r n .
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T able  U

S o i l  s u rfa c e  tem p era tu re  i n  sun and shade , 
w ith  j a v e l in a  deep body tem p era tu re  f o r  
June 29 and 30, 1970.

Time S o i l  S u rface  S o i l  S u rfa ce  J a v e lin a  Body
(MS) Tem perature Tem perature Tem perature

i n  Sun ( °  0 .)  i n  Shade ( °  0 .)  ( °  C .)

1300 61*. 3 3 6 .0 37 .91
1600 5 7 .1 37 .3 38 .1 5
1800 37 .7 30 .2 38 .5k
2000 30.1* 28.0 38 .55
21*00 2 8 .0 2 5 .3 38.31*
01*00 21*. 3 21*. 3 38.03
0800 31 .3 21*.6 38 .20
1200 5 6 .0 3 7 .U 38.19
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>

ACTIVE IN OPEN- LYING IN SHADE-

LYING#  
/  'N |  
SHADED

.SHADE AND OPEN.

'//////////z.
LYING IN OPEN T / ^ T I V E ^ N ^ l l

<  SHADE A N D y /%

39

38

37

SOIL SURFACE TEMPERATURE 
/ IN  SUN (=OPEN)

----------
SOIL SURFACE 
TEMPERATURE 
IN SHADE

M. S. TIME (HR. x 100)

P ig . 6 . S o i l  su r fa c e  te m p e ra tu re s  and deep body te m p e ra tu re  f o r  
June 29 and 30, 1970. Data i n  T ab le  U.

J a v e l in a  body te m p e ra tu re  and s o i l  s u r fa c e  te m p e ra tu re s  i n  
th e  shade and su n , w ith  a c t i v i t y  p a t t e r n .



21

c e n tim e te rs  (K le ib e r 1 9 6 1 ). T o ta l  Qa^ s was found to  b e : 7$1,000  

c a lo r ie s  p e r  hour (1200-1300 un sh ad ed ), £11,000  c a lo r ie s  p e r  hour 

(1200-1300 sh ad ed ),  339,000 c a lo r ie s  p e r hour ( 2U00-0100 u n sh ad ed ), 

and 3£li,000 c a lo r ie s  p e r  hour ( 2I4OO-OIOO sh ad ed ).

R e ra d ia tio n  from  th e  ja v e l in a  was c a lc u la te d  f o r  th e  a p p ro p r ia te  

r a d ia n t  s u r fa c e  te m p e ra tu res  (A ppendix), and were found  to  b e : h79 ,000 

c a lo r ie s  p e r hour (1200-1300 un sh ad ed ), Wi?,000  c a lo r ie s  p e r  hour 

(1200-1300 sh ad e d ), 39£,000 c a lo r ie s  p e r  hour ( 2U00- 01OO b o th  shaded 

and u n sh ad ed ).

F orced  co n v ec tio n  i s  d e f in e d  as  h c(Tr  -  Tg) ,  where h c = 

c o e f f ic ie n t  o f  c o n v ec tio n , Tr  = r a d ia n t  su r fa c e  tem p e ra tu re  o f  th e  

j a v e l in a ,  and Tg -  am bient a i r  te m p e ra tu re . The c o e f f i c i e n t  o f  

co n v ec tio n  f o r  a smooth c y lin d e r  (G ates 1962) i s  h  = 6 .17  X 10“3
c 5275

where V e q u a ls  wind v e lo c i ty  (c e n tim e te rs  p e r seco n d ), and D e q u a ls  

c y lin d e r  d iam e te r ( c e n t im e te r s ) . Convective h e a t  lo s s e s  were 

c a lc u la te d  f o r  a w ind v e lo c i ty  o f  10J? c e n tim e te rs  p e r  second  (2 .£  k p h ) ; 

D eq u a ls  3U.O c e n tim e te rs  (Knipe 1 9 £ 6 ). Forced  co n v ec tio n  lo s s e s  were 

£,000 c a lo r ie s  p e r hour (1200-1300 un sh ad ed ), 6,000 c a lo r ie s  p e r  hour 

(1200-1300 sh ad ed ), U,000 c a lo r ie s  p e r hour (21*00-0100 sh ad e d ), U,000  

c a lo r ie s  p e r hour (21*00-0100 s h a d e d ) .

C onduction to  su b s tra tu m  was re c o g n ize d  i n  th e  form  o f  th e  

anim al ly in g  on th e  ground (F ig . 7 ) :

KA(T2 _ T-,)
0 = -------5---------- '

where K = th e rm a l c o n d u c tiv i ty  o f  a i r  

A = a re a  o f  c o n ta c t



F ig . 7 B e h a v io ra l  u s e  o f  sh ad e  b y  j a v e l i n a

J a v e lin a  u t i l i z i n g  th e  shaded p o r t io n  o f  th e  p en , and a lso  
u s in g  a shallow  ex cav a tio n  fo r  improved s u b s t r a te  conduction .
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and a re  th e  te m p e ra tu re s  o f  th e  a d ja c e n t s u r fa c e s  

D = th e  th ic k n e s s  o f  th e  conductor

The ja v e l in a  would n o t l i e  down i n  th e  sun d u rin g  th e  p e r io d  

1200-1300, th e r e f o r e  co n d u ctio n  was n o t c a lc u la te d  f o r  t h i s  s i t u a t i o n .  

Conduction to  th e  su b s tra tu m  r e s u l t e d  i n  a l o s s  o f  1.7U c a lo r ie s  p e r  

sq u are  c e n tim e te r  p e r  hour (1200-1300 sh ad ed ), 8 .7 0  c a lo r ie s  p e r  sq u are  

c e n tim e te r  p e r  hour (21*00-0100 un sh ad ed ), 1 0 .9 8  c a lo r ie s  p e r  sq u are  

c e n tim e te r  p e r  hour (21*00-0100 sh ad e d ).

The en erg y  budget ( l e s s  r e s p i r a to r y  w a te r l o s s )  o f  a j a v e l in a  

i n  th e  sun from  1200 to  1300 on a h o t  summer day  i n  th e  Sonoran D e se rt 

was a 305,000 c a lo r ie  p e r hour g a in . The en erg y  b u d g e t f o r  th e  same 

anim al d u rin g  th e  same noon p e r io d  i n  th e  shade r e s u l t e d  i n  a n e t  g a in  

o f  90,000 c a lo r ie s  p e r  hour.

The en erg y  b u d g e t f o r  a j a v e l in a  i n  an  unshaded s i t u a t i o n  a t  

n ig h t  (21*00-0100) r e s u l t e d  i n  a n e t  l o s s  o f  23,000  c a lo r i e s  p e r h o u r; 

d u rin g  th e  same p e r io d  an an im al i n  th e  covered  p o r t io n  o f  th e  pen would 

have a n e t  l o s s  o f  8 ,000  c a lo r ie s  p e r  h o u r.

W ater Balance

A gram o f  w a te r  a t  38°C which i s  v a p o riz e d  i n  th e  r e s p i r a to r y  

t r a c t  r e q u ir e s  572 c a lo r ie s  o f  h e a t  (e n e rg y ) . The maximum r a te  o f  

r e s p i r a to r y  w a te r  l o s s  i n  th e  j a v e l in a  was d e te rm in ed  to  be 500 grams 

p e r  h o u r. Some o f  t h i s  w a te r  i s  w asted  by  d r ib b l in g  (R obinson and  Lee 

19 l* l). The p e rc e n ta g e  o f  such  w aste  i s  d i f f i c u l t  to  d e te rm in e ; i t  was 

e s t im a te d  to  be ab o u t 20 p e rc e n t  i n  th e  ja v e l in a s  s tu d ie d .
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The anim al i n  th e  sun a t  noon (1200-1300) m ust expend the  

maximum p o s s ib le  amount o f  w a te r to  a tte m p t to  m a in ta in  energy  b a la n c e . 

I f  1*00 grams o f  w a te r a t  572 c a lo r ie s  p e r gram were l o s t  v ia  th e  

r e s p i r a to r y  t r a c t  a d e f i c i t  o f  77,000 c a lo r ie s  p e r  hour would s t i l l  

rem ain  i n  th e  en erg y  b u d g e t, s u f f i c i e n t  h e a t  to  r a i s e  th e  body 

tem p era tu re  3°C in  an h o u r. T h is was v e r i f i e d  e x p e r im e n ta lly  (F ig . 9 ) .

The ja v e l in a  i n  th e  shade a t  noon (1200-1300) was ab le  to  

compensate f o r  h e a t  g a in  by expending 157 grams o f  w a te r p e r h o u r. 

E x p e rim en ta lly  ja v e l in a  were found to  lo s e  ca . 2 .3  kg o f  w a ter p e r  h o t 

summer day i n  shaded c o n d itio n s  when d en ied  w a te r . T h is  r a t e  was 

m a in ta in ed  u n t i l  d e a th  o c cu rred  a t  18 p e rc e n t l o s s  o f  body w eigh t 

(N = 1 ) .  The ja v e l in a  a t  m id n ig h t (2lt00-0100) need n o t  expend w a te r  

f o r  c o o lin g  to  m a in ta in  energy  b a lan ce  i n  e i t h e r  th e  open o r  i n  a 

canopy m o d ified  env ironm en t.

The 60 p e rc e n t  re d u c tio n  i n  w a te r  lo s s  f o r  c o o lin g  pu rposes 

r e a l iz e d  by u t i l i z i n g  shade c l e a r ly  d em o n stra tes  th e  c o n tr ib u t io n  o f  

b eh av io r i n  w a te r c o n se rv a tio n . T hat th e  an im al can t o l e r a t e  w e ll 

s h o r t  p e r io d s  o f  exposure to  th e  f u l l  en v ironm en ta l summer h e a t  lo a d  

i n  th e  d e s e r t  i s  due to  i t s  in te rm e d ia te  s iz e  (25-30  k g ) . The ja v e l in a  

m ust have access  to  s u c c u le n ts ,  o th e r  p l a n t s ,  a n d /o r  f r e e  w a te r a t  a 

r a t e  o f  2 .3  kg p e r  day , even  though i t  b e h a v io r a l ly  m inim izes w a te r 

l o s s .  The red u ced  o ccu rren ce  o f  s u r fa c e  w a te rs  and d ecreased  abundance 

o f  s u c c u le n ts  (and  p r e f e r r e d  r o o ts )  i n  th e  more a r id  p o r t io n s  o f  th e  

Sonoran D e se r t p ro b a b ly  acco u n ts  f o r  th e  j a v e l in a s  absence from  th e s e

a r e a s .



F ig . 8 Shaded and open areas of the holding pen.
Shaded and open portions of the pen showing the comparative 
shading effect.

%



T a b le  $

Upper and lo w er h e m isp h e ric a l a ll-w a v e  r a d ia t io n  w ith  am bient a i r  
(0 . 2^ m), s o i l  s u r f a c e ,  and. j a v e l in a  deep body tem p e ra tu re s  f o r  a 
U hour p e r io d  i n  th e  sun J u ly  7 j 1970.

Time
(MS)

S o i l  S u rface  
T em perature

( °  c . )

Ambient A ir 
Tem perature

(°  0 .)

Upper Hemisphere 
R a d ia tio n  
( l y  min- 1 )

Lower Hemisphere 
R a d ia tio n  
( l y  min- 1 )

J a v e lin a  Body 
Tem perature

r  c . )

0800 39 .6 28.0 +0.6996 +0.691*3 38.75
0900 50 .0 30 .6 +0.9993 +0.8117 38.72
1000 SU.O 32.8 +1.59U9 +1.0237 39 .69
1100 58.6 39 .2 1*1.39
1200 63.it 1*3 .0 +2.001*5 +1.101*3 1*2.69
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ACTIVE IN OPEN

+ 2.5

+ 2.0

+ 0.5

M. S. TIME (HR. x 100)

F ig . 9 . E nvironm ental r a d ia t io n  and. deep body tem p e ra tu re  
f o r  J u ly  7> 1970. Data i n  T ab le
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SUMMARY AMD CONCLUSIONS

The ja v e l in a  i s  a s u b tro p ic a l  mammal o f  in te rm e d ia te  s iz e  

( 25-30 kg) w ith o u t s p e c ia l  p h y s io lo g ic a l  a d a p tiv e  mechanisms f o r  d e s e r t  

s u rv iv a l  d u rin g  summer h e a t  i n  th e  Sonoran D e se r t, and depends 

p r im a r i ly  on b e h a v io ra l  th e rm o re g u la tio n . The sp e c ie s  r e q u ir e s  f r e e  

w a ter e i t h e r  i n  th e  form  o f  su r fa c e  w a ter a n d /o r s u c c u le n t v e g e ta t io n  

in c lu d in g  r o o ts  a s  a means o f  r e p le n is h in g  w ater r e q u ire d  f o r  therm o­

r e g u la t io n .  I t  i s  capab le  o f  lo s in g  up to  12 p e rc e n t  o f  body w eig h t 

w ith o u t n o t ic e a b le  e f f e c t ;  how ever, t h i s  amounts to  o n ly  two d ay s ' 

s u r v iv a l  under sev e re  c o n d itio n s . When w a te r lo s s e s  o f  g r e a te r  th a n  

12 p e rc e n t  o f  body w eig h t a re  e x p e r ie n c e d , l o s s  o f  c o o rd in a tio n  and 

e c o lo g ic a l  d e a th  o ccu rs  a t  15 to  20 p e rc e n t  lo s s  o f  body w e ig h t. Due 

to  i n a b i l i t y  to  lo s e  more th a n  ca . 500 g o f  w a ter p e r  hour by p a n tin g , 

ja v e l in a  canno t m a in ta in  a norm al body te m p e ra tu re  when exposed to  a 

f u l l  en v iro n m en ta l r a d ia t io n  lo a d  d u rin g  a c le a r  mid-summer day i n  

th e  d e s e r t .

Baorgy g a in ed  i n  th e  form  o f  m e ta b o lic  h e a t  p ro d u c tio n  and 

ab so rbed  r a d ia t io n  was b a lan c e d  a g a in s t  en erg y  l o s t  i n  th e  form  o f  

r e r a d i a t i o n ,  co n v ec tio n , co n d u c tio n , and r e s p i r a to r y  w a te r  l o s s .  An 

en erg y  budget was u sed  to  q u a n t i f y  th e  d i f f e r e n c e s  betw een shaded and 

unshaded en v iro n m en ta l c o n d i t io n s ,  and th e  r e s u l t a n t  ad v an tages o f 

b e h a v io ra l  s e l e c t i o n  by  th e  ja v e l in a  o f  th e se  d i f f e r e n t  m ic ro en v iro n ­

m en ta l c o n d i t io n s .

28
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The energy  b a lan c e  p r e d ic t s  t h a t  th e  j a v e l in a  i s  o n ly  a b le  to  

su rv iv e  i n  th e  d e s e r t  i n  th e  summer by  maximum avoidance o f  th e  e n v iro n ­

m en ta l h e a t  lo a d .  Avoidance i s  c l e a r l y  in d ic a te d  th ro u g h  p rim ary  

n o c tu rn a l  a c t i v i t y  and ju d ic io u s  u se  o f  b o th  open and shaded p o r t io n s  

o f  th e  h a b i t a t ,  th e re b y  m axim izing h e a t  l o s s  ■whenever p o s s ib le ,  and 

under c e r t a in  c ircu m stan ces  u s in g  w a te r f o r  e v a p o ra tiv e  c o o lin g . D uring 

summer, u se  i s  a ls o  made o f  th e  r e l a t i v e l y  co o l ground a s  a h e a t  s in k  to  

t r a n s f e r  p a r t  o f  th e  h e a t  from  i t s  body by  e x ca v a tin g  a shallow  d e p re s ­

s io n  to  l i e  i n .

The i n a b i l i t y  o f  th e  j a v e l in a  to  su rv iv e  w ith o u t f r e e  w a te r in  

th e  summer e x p la in s  i n  p a r t  i t s  absence from  th e  more a r i d  w e s te rn  

p o r t io n s  o f  th e  Sonoran D e se r t, and f u r th e r  acco u n ts  f o r  i t s  more 

,lt r o p i c a l "  d i s t r i b u t i o n  w ith in  th e  N orth  Am erican D e s e r t .

W ater r e q u ire d  f o r  th e rm o re g u la tio n  i f  n o t  r e p le n is h e d  p roduces 

a l o s s  o f  th e rm o re g u la to ry  a b i l i t y  accom panied by  a s a l t  im balance which 

ap p ea rs  to  be th e  u l t im a te  cause o f  d e a th . The s a l t  im balance m a n ife s ts  

i t s e l f  i n  th e  form  o f l o s s  o f  c o o rd in a tio n  fo llo w ed  s h o r t l y  by  convul­

s io n s



APPENDIX

CALCULATIONS OF ENERGY BALANCE 

M etab o lic  R ate

M * 70 W = 2 9 .5  kg .

M = ( 7 0 ) ( 2 9 .5 ) ^ * ^  = (7 0 )(1 2 ,6 5 )  = 886 k i lo c a lo r ie s /d a y .

886 k i lo c a lo r i e s /d a y  x  1 day/2 li h o u rs  = 3 6 .9  k i lo c a lo r ie s /h o u r .

M = 36,900 (37 ,000 ) c a lo r ie s /h o u r .

Absorbed R a d ia tio n

- ( a ) ( 2 /n ) ( S )  + ( a ) ( s )  + ( a ) ( r ) ( S + s )  + Ra + R
Qabs = --------------------------------:— 2“--------------------------------h

a = a b s o r b t iv i ty  = 0 . 70 , TT = p i  = 3 *lUl6 , r  = r e f l e c t i v i t y  = 0.30

1200- 1300, i n  sun

S = s o la r  beam = 1 .3 3  ly /m in , s = r e f l e c te d  s o la r  r a d ia t io n  = ( . 06) 

(.8U ) “ .05 ly /m in , Rg = th e rm a l sky  r a d ia t io n  = (2 .1 7  -  1 .3 8 )  =

0 .7 9  ly /m in , Rg = th e rm a l ground r a d ia t io n  = 6. 6 T^, £. = em m iss iv ity  

o f  s o i l  = 0 .9 ,  5 = S te fan -B o ltzm an  c o n s ta n t -  8 .1 3  x  10"""̂ **, T = 

su r fa c e  tem p era tu re  o f  s o i l  (°K ), Rg = ( .9 ) ( 8 .1 3  x  1 0 ""^ )(3 3 3 ^ ) =

.900  ly /m in .

o , = ( .7 ) ( .6 3 6 ) ( 1 .3 3 )  + ( .7 ) ( .Q 5 )  + ( . 7 ) ( . 3 ) ( l . 3 3  + .0 5 ) + .79  + .90
abs g 1 " ‘....."

n „ -  .591 + .035  + .290  + .7 9  + .90
^abs 2----------------------- '

Qabs = ^ 4 ^  = 1-303 ly /m in  

1200- 1300,  i n  shade

30
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S = 0 , s  = ( .0 6 ) ( 1 .0 8 )  = .06  ly /m in , Ra = (1 .0 8  = .0 6 )  = 1 .0 2  ly /m in ,

Rg -  ( .9 ) ( 8 .1 3  x  1 0 - l l ) ( 3 0 9 .9 k )  = .700  ly /m in .

Qabg = (» 7 ) ( .6 3 6 ) (0 )  + ( .7 ) ( .0 6 )  + ^ ( .7 ) ( .3 ) (0 + .Q 6 )  + 1 .0 2  + .7 0

Qabs = -  .887 ly /m in

2I4OO-OIOO, unshaded

S «= 0 , - s  = 0 ,  Ra = .57 7 , Rg = ( .9 ) ( 8 .1 3  x  10 '" ^ ') ( 301^ ) = .600  ly /m in . 

Qabs = ( l .O ) ( .6 3 6 ) ( 0 )  + ( .7 ) ( 0 )  + ( . 7 ) ( . 3 ) ( 0  + 0 ) + .$77 + .600

Qabs = = .589 ly/m in

2U0O-O1O0, shaded

S = 0 , s = 0 , RQ = .6U7, Rg -  ( .9 ) ( 8 .1 3  x  10 ’ 1 1 ) ( 298. 3^ ) = .580 ly /m in . 

Qabs -  ^ U L l^ iS O  = L 2 2 7  .  . 6lU ly/rain.

R e ra d ia t io n  o f J a v e lin a

R e ra d ia t io n  -  £  6 Tr ^

£  = em m iss iv ity  o f  j a v e l in a  = 1 .0 ,  6 = S te fan -B o ltzm an  c o n s ta n t =

8 .13  x  10 Tr  = r a d ia n t  tem p e ra tu re  o f  th e  ja v e l in a  (°K)

1200-1300, i n  sun 

Tr  = U5c C «'318°K

R e ra d ia tio n  « ( l .O ) (8 .1 3  x  10”r L ) ( 3 l8 l1) = .831 ly /m in  

1200-1300, i n  shade 

Tr  = liO°C = 313°K 

R e r a d ia t io n  = .780  ly /m in

2U00-0100, unshaded 

Tr  = 30°C = 303°K 

R e ra d ia t io n  = .685  ly /m in  

2U00-0100, shaded
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Tr = 30°C « 303°K 

Reradiation = .685 ly/min

C onvection

C onvection = n c (Tr  -  Ta ) ,  Tr  = r a d ia n t  s u rfa c e  te m p e ra tu re ,  Ta = am bient 

a i r  te m p e ra tu re , h c = c o e f f i c i e n t  o f  co n v ec tio n  = (6 .1 7  x  10”^)

( V ^ -^ /D ^ /3 ) ;  v  = -wind v e lo c i ty  = 105 cm /sec, D = d iam e te r o f  c y lin d e r  =

3U cm., V1/ 3 = L .72 , D2^  = 1 0 .5 0  

h c = (6 .1 7  x  10~^)^(U»72) „ 2.78  x  10"3

1200-1300, i n  sun 

Tr  = a5°G, Ta = l a .  7°C

C onvection « (2 .7 8  x  1 0 -3 )(1 5  _ l a . 7 )  = (2 .7 8  x  10"'3 ) ( 3 .3 )  = .009  ly /m in .

1200-1300, i n  shade 

Tr  = aO°C, Ta = 36°C 

C onvection = .011 ly /m in .

2lt00-0100 unshaded 

Tr  = 3 0 °C, Ta = 27 .a°C  

C onvection  = .007 ly /m in .

2I4OO-OIOO, shaded 

Tr  = 30°C, Ta = 27.5°C  

C onvection = .007 ly /m in .

H eat o f  V a p o riz a tio n  o f W ater

= energy required to  vaporize a given quantity of water a t  38°0. 

Ex = 572 calories/gram.
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Conduction

Conduction = ^ ^ 2  “
D

K = th e rm a l c o n d u c tiv i ty  o f  th e  f u r  = 3 .6  x  A = a re a  o f  c o n ta c t  o f

a d ja c e n t s u r fa c e s  = 1 square  c e n tim e te r , Tg and a re  te m p e ra tu re s  o f  

a d ja c e n t s u r f a c e s ,  D = th ic k n e s s  o f  f u r  conducto r = 0 .2 5  cm.

1200 .1300 i n  sun 

n o t c a lc u la te d  (se e  t e x t ) .

1200-1300, in  shade 

T2 = 38°C, = 36°C

Conduction = (3«6 x  10 ^ ) ( l .O ) (3 8  -  36) = .029 ly /m in
( • o )

2I4OO-OIOO, unshaded 

Tg = 38°C, = 28°C

Conduction -  .iU 5  ly /m in .

2U00-0100, shaded  

T2 = 38°C, = 25 .3°C

Conduction = .183 ly /m in .

S u rface  Area

S u rface  a re a  = A = 10

A = area in  square decimeters, W = weight = 29.5 kg.

A = ( 1 0 ) ( 2 9 .5 ^ ^ )  = (1 0 ) (9 .6 )  = 96 dra^

96 dm̂  = 9,600 cm̂
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